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Ins(3,4,5,6)P4 is an inhibitor of Ca2+-activated Cl—
channels, but further understanding has been hin-
dered by ignorance of how it is made in cells. It now
transpires that one protein with ATP-dependent
kinase and phosphatase activities interconverts
Ins(3,4,5,6)P4 and Ins(1,3,4,5,6)P5, as well as several
other inositol polyphosphates.
The identification of inositol 1,4,5-trisphosphate
(Ins(1,4,5)P3) as a second messenger that regulates
the opening of intracellular Ca2+ channels opened the
‘modern era’ of phosphoinositide signalling in 1983.
Eukaryotic cells contain many other cytosolic inositol
polyphosphates, some at much higher concentrations
[1–3], but we know little about their functions. Rather,
recent phosphoinositide research has been domi-
nated by the delineation of more and more functions
for the various membrane phosphoinositides, such as
PtdIns3P, PtdIns(4,5)P2 or PtdIns(3,4,5)P3, mediated
through interactions with protein domains such as PH,
FYVE and PX [4–7].
Of the numerous cytosolic inositol polyphosphates,
Ins(3,4,5,6)P4 — the 3,4,5,6-isomer of myo-inositol
tetrakisphosphate — is particularly intriguing [8]. 
Normally present in cells at around 1 µM, Ins(3,4,5,6)P4
accumulates quite slowly during sustained stim-
ulation of G-protein-coupled receptors that activate
phospholipase C and elevate cytosolic Ca2+ [8,9].
Ins(3,4,5,6)P4 has been characterised as a receptor-
generated negative intracellular regulator of one or
more types of apical Ca2+-activated chloride channel
(CaCC) in epithelial cells (Figure 1) [8,10–12]. CaCCs
contribute to a variety of cell functions, including the
control of cell volume, cell excitability and secretion
[13]. Elevated cytosolic Ca2+ activates CaCC phos-
phorylation by Ca2+/calmodulin-activated kinase II
(CaMKII), increasing the sensitivity of CaCC to Ca2+-
triggered opening, and sometimes triggers CaCC
opening in some other manner as well. Ins(3,4,5,6)P4
accumulates gradually in stimulated cells for half an
hour or more, and it progressively inhibits the Ca2+-
triggered opening of CaCC as its concentration rises
into the 3–10 µM range (Figure 1) [9–12].
Despite convincing evidence for this effect of
Ins(3,4,5,6)P4, progress towards a fuller understanding
of its biology has been hampered by ignorance of how
cells make it. From early on, it seemed that the stimu-
lated route to Ins(3,4,5,6)P4 was by 1-dephosphoryla-
tion of Ins(1,3,4,5,6)P5, a molecule that is fairly
abundant in cells and has no effect on CaCC function,
and that Ins(3,4,5,6)P4 is inactivated by a 1-kinase that
reverts it to the inactive Ins(1,3,4,5,6)P5 [8]. However,
neither the necessary Ins(1,3,4,5,6)P5 1-phosphatase
nor how receptors stimulate this reaction was
revealed. Now, in a startling development published
recently in Current Biology, Stephen Shears and his
collaborators [14] have demonstrated that Ins(3,4,5,6)P4
is both made and destroyed by a single inositol
polyphosphate kinase/phosphatase that can, in the
presence of ATP and/or ADP, interconvert Ins(3,4,5,6)P4
and Ins(1,3,4,5,6)P5 [14]. More surprisingly, in vitro the
enzyme catalyses all of the reactions illustrated in
Figure 2.
The enzyme in question was initially identified as a
‘specific’ Ins(3,4,5,6)P4 1-kinase responsible for 
inactivating Ins(3,4,5,6)P4. It was then shown that
Ins(1,3,4)P3 inhibits the enzyme’s Ins(3,4,5,6)P4 kinase
activity in an apparently biologically significant manner
[15,16]. The ‘inhibition’ by Ins(1,3,4)P3 occurred
because Ins(1,3,4)P3 is an alternative kinase substrate
for the enzyme, which catalyses phosphorylation on
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Figure 1. Control of Ca2+-activated chloride channels (CaCCs)
in the apical plasma membranes of epithelial cells by Ca2+
and by Ins(3,4,5,6)P4.
The immediate receptor-driven events are depicted in orange,
and the downstream inputs that control CaCC opening are
shown in blue.
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either the 5-hydroxyl or the 6-hydroxyl (Figure 1) [17].
These experiments indicated that Ins(3,4,5,6)P4
1-kinase and Ins(1,3,4)P3 5/6-kinase, two supposedly
separate enzymes, are activities of one catalytically
versatile kinase.
This behaviour was reminiscent of that of an inositol
polyphosphate kinase of the fission yeast Schizosac-
charomyces cerevisiae which phosphorylates at least
three different positions on the inositol ring, with
particular surrounding hydroxyl/phosphate arrays
identifying the phosphorylation-susceptible hydroxyls
[18]. The versatility of both of these enzymes, which
use a variety of inositol polyphosphates as substrates,
seems to arise from the fact that substrates can
approach their active sites in up to three different ori-
entations [17,18].
The new results reported by Ho et al. [14] further
elevate the already versatile Ins(3,4,5,6)P4/Ins(1,3,4)P3
kinase into an extraordinarily multitalented inositol
polyphosphate kinase/phosphatase. To account for
this enzyme’s ability to phosphorylate and dephos-
phorylate the 1-, 5- or 6-hydroxyl groups of several,
though not all, inositol phosphates, with all of the
reactions probably occurring at a single active site,
the authors propose that substrates can bind produc-
tively in at least three different orientations. Adenine
nucleotides are essential for activity, but the effects of
ADP and ATP remain confusing — the authors
suggest that the complex ‘inositol polyphosphate
mutase’ reactions catalysed by the enzyme involve
phosphoenzyme intermediates.
An immediate question raised by these results is
whether a single enzyme that can both form and
destroy Ins(3,4,5,6)P4 is a reasonable candidate 
for mediating receptor-controlled changes in cytoso-
lic Ins(3,4,5,6)P4 concentration, and thus exerting
inhibitory control over Cl– flux through CaCCs. Ho
et al. [14] set this doubt to rest by showing that
increased expression of their inositol polyphosphate
kinase/phosphatase enhances receptor-activated
Ins(3,4,5,6)P4 accumulation and also the responsive-
ness of cells to Ins(3,4,5,6)P4-mediated negative
regulation of CaCC [15].
How does this remarkable adenine nucleotide-
dependent kinase/phosphatase work, and how are its
various activities regulated? These questions are for
the future. When a labelled substrate is offered in cell-
free assays, the label promptly equilibrates through-
out the relevant pathway (Figure 1). In cells, the
enzyme is therefore likely to be involved both in the
interconversions of multiple species downstream of
the formation of Ins(1,3,4,5)P4 from receptor-gener-
ated Ins(1,4,5)P3, and in the interconversion of
Ins(1,3,4,5,6)P5 and Ins(3,4,5,6)P4. 
Finally, Ho et al. contend [14] that “reciprocal coor-
dination of the opposing 1-kinase/1-phosphatase
reactions, catalysed by a single enzyme, offers an
alternative to the general doctrine that intracellular
signals are regulated by integrating multiple phos-
phatases and kinases”. This rather grand claim will be
tested only when we begin to understand: first, how
this remarkable kinase/phosphatase works; second,
the mechanisms that dictate what reaction(s) this
enzyme catalyses at a particular time; and third, what
regulates the relative rates of the phosphorylation and
dephosphorylation reactions in the interconversion of
any pair of inositol polyphosphates?
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Figure 2. Reactions known to be catalysed by the
recombinant inositol polyphosphate kinase/phosphatase
studied by Ho et al. [17]. 
Reactions coloured in green are likely to occur in cells, and the
boxed reactions account for the formation and destruction of
Ins(3,4,5,6)P4. Given the uncertainty of the exact role of ATP and
ADP in enzyme function, the involvement of adenine nucleotides
is indicated by the indeterminate abbreviation AD/TP.
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